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PR0BLEI 18'19-.S

OF -CRLO:ROETYP HOS?1ONIC ACID

LFollowing is the translation of an erticle
by Ye. 13,,GAefter r0. M. 1. Kabachnik i-n Plai3-

tichski~ mssy(Pia.:tics) No 1

* D_6hloroanhYd1r~de of -coetyp h•u acid
;is a by-product in t~he mariuf acture of' claloronhydilide
,and, the esters of vinyiphosponic acid anid also in the re-ý
'inforcing of phosphoru-containing esters(l).

The follorwin, methods are known for producing thisf
compound:

a) th tretmen o di- ?,ýO-chloroethyl estber of
bcloroethylphosphonic - acid. (DE.ThK) by p~hosephorus pent4l

'chloride, or the undistilled. product of arbu~zovskayaLz?7T
Jefterization of tri-014' 1^ chaoroethyl}phosphite (tecR-i
,nical DET'h.K) at 11,50-160 uniter p-ressuir-(2).

b) the reaction of Phospbori~s ttrichloride, dichlorý-
e~thane, and aluxitirn chloride with th~e subsequent hydrolysis
ýof the compilex .formed(3);

c)the reaction of POL . ,iith ethylene and oxygen(4),.
driF or producirng any slgnificant amount oft the Osnhy
drdeof §-chloroet-hylphobtpbonirc acid t~he second mnethod

is viery inconveni~ent., and the t.hird yields3 a small amounti
,of the desired. product. Thus , the PCI.. traatilent of the

,product of the isormerizatILion of tri-V'b chl o ro ethyl-*.
phosphite is the only practical method of producing the
dichioroanhydride of -chlaoroethylphosphonic acid. H{owever,,
: the need. to use pressure oc~casions a, substantiaa. inconven4
.ience into the process of obtaining the dichloroanhydridel
:in large quantities; carrying out the reaction wi thout pres-
I sure,, however, diminishes the yield from 70 to 10-13 ~
,arid requires a large excess of Pen5 (which is extreme!y

Awnprofit able-)'.n--TyŽ0!2!.-



Considering the foregoing, we studied the possibi-
lity of producing the dichloroanhydride of ?-chloroethyl-
phosphonic acid with satisfactory yields, without the use
of pressure.

We examined two basic approaches:
1. Conversion of DEKhK into ý-chloroethylphosphonic

acid with subsequent treatment of' the acid by various
chloroanhydride-forming agents.

2. Conversion of DEKhK into the chloroanhydride,
bypassing the formation of ý-chloroethylphosphonic acid.

In producing ý-chloroethylphosphonic acid it became
clear that DEKhK hydrolyzes upon prolonged boiling with
concentrated hydrochloric acid (treatment by.aqueous and
alcoholic solutions of alkali for this purpose is not suit-
able, as is well known(5)). However, this approach is
not helpful since it is subsequently necessary to distill
off from the acid obtained a large amount of water and dis-
solved hydrochloric acid.

A more convenient method is the treatment of DEKhK
(pure or technical) by dry hydrogen chloride at 140-1600.
Here the ester bonds are easily broken, the dichloroethane
formed is distilled off, and there remains in the reaction
vessel P-chloroethylphosphonic acid:

ClCH2 CH2 PO(OCH2 CH2 Cl)2  + 2HCl -•

----- C1CH2 CH2 PO(OH) 2  + 2CICH2 CH 2 C1

Treatment of the latter with thionyl chloride, phos-
gene, phosphorus trichloride, and silicon tetrachloride,
which have been successful in producing chloroanhydrides
of carboxylic acids(6,7), have not shown a positive result.
Only the action of SOC1 2 in the presence of catalytic quan-
tities of pyridine has resulted in some chloroanhydride.
In all the other remaining instances the evolution of HC1
has been observed, but the chloroanhydride of' -chloro-
ethylphosphonic acid has not been formed. The conversion
of -chloroethylphosphonic acid into its chloroanhydride
evidently proceeds through a stage of a polymeric anhydride:
CICH2 CH2 PO(OH) 2 --- (C1CH 2 CH2 P0 2 )n - C1CH2 CH2 POC1 2

and the above-mentioned relatively weak agents in practice
form only the first stage of this process.

Treatment by phosphorus pentachloride, and also sim-
ultaneous reaction of phosphorus trichloride and chlorine'
smoothly converts $-chloroethylphosphonic acid into its
chloroanhydride with yields of up to 80 % of the theoretical:
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I COMHCH -PO(O+) 2PCl, (2PC1 2+
2~~~ 2C1H) 1' 2)

G.H CH2~ PG '2P001 3+ 2.R0l

Also studied has been the possibility of a direct
conversion of .hE KhK into the chloroanhydride of ?-chloro-

.iethylphosphonic-acid. ..
The action of SiC14 , qC12 , PCiO, and SZfCI2 on

;DEKhK at various temperatures has not led to the desired
,result.
r l. The action of phosphorus pentahcloride on DEKhK

at 140-1500 , especially in the presence of several cata-
lysts, has brought about a sharp increase in the yields

S of chloroanhydride of 0-chloroethylphosphonic acid from
-10-13-% to 80%. The action of these catalysts on the
carbon chain is well-known(8), and recently these have
been patented for the production of the chloroanhydride
of vinylphosphonic acid49).

Of considerable important is the order of steps
lin carrying out this reaction, Heating the mixture of
DEKhK and PC1 5 , and also the addition of DEKhX to P015
at different temperatures results in such a serious insuf-
ficiency that the evaporating dichloroethane -- to the ex-
itent of its foration -- and the evaporating phosphorus
loxychloride carry off with them a considerable amount of
phosphorus pentachloride, which leaves the reaction zone.

Upon the gradual introduction of Pl1 into the5
heated DEKhM with a small addition of iron chloride, copper
chloride, aluminum chloride, and others, together with
an energetic stirring of the mixture, all of the,',PClc which
enters into the reaction zone interacts with DFKbk, -bre-
ing both ester bonds. From the dichloroethane, phosphoru
,oxychloride, and chloroanhydride of §-chloroethylphosphon c
lacid that are formed, the first two components are mainly
ýdistilled off in the course of the reaction, and the resie e
!and the desired product are separated by vacuumdistilla-
'tion.* The yield: 80 %, Instead of oure DEKhK the dry
:product of the isomerization of tri-• 0',•"-ethylphosphite
may be used in the reaction. Here the yield stands at':65"70 %The attempt to use in place of phosphorus pentachl lr-

ide, phosphorus trichloride and chlorine, is not successfu1 :
:under the reaction conditions a significant amount of the
ýP0l introduced decomposes with the evolution of yellow I

" " horus.
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I. Experimental Part. See Notj7

j•ote: L. S. Ludenttov participated in the exper-!
$imental'work.7

All operations in the production and isolation ofi
!the chloroanhydride of $-chloroethylphosphonic acid must .i

'be protected from moisture in the air.,'
The constants of the chloroanhydride obtained and

thedata of its analysis are cited only once in order to
avoid repetitions. .

Technical ý-chloroethylphosphonic acid

An excess of dry hydrogen chloride*wb passed throu h
1540 g o& technicalDEKhK. The process was carried out .at•
1l50-160 with strong agitation of' the reaction mixture _for
a period of ten hours. 3?2 g of dichloroethane was col-
lected (theoretical amount: 396 g). In the flask 505 g
ýOf dry t-chloroethylphosphonic acid (according to theory

289 g) was left behind-- a dark viscous liquid with
an acid number 751 (calculated acid number is 776).

Chloroanhydride of 0-chloroethylphosphonic acid
from O-chloroethylphosphonic acid'and PC15.

a) To 72 g of technical §-chloroethylphosphonic

acid 209 g of PCM5 was gradually a ded;.the addition was.
accompanied by heating up to 50-60 and a profuse e~oluti n
of hydrogen chooride. The reactionvas heated to 80 -at

;which time the phosphorus oxychloride was distilled off,
and the residue(as then vacuum-distillgd. The fraction
'with the boiling-point range-of 60-100 (1.5-2 mm) as
idistilled once more and 64 gý(70 ,%of the theoretical) I
of the dichloroanhydride of -chloroethylphosph 8 nic acid

!was. obtained with a b. p. 78-800° at. 4 rm; n0 = .4992.,
.d4 l.'54O. The literature values(2): b. p. 68 at

12 mm; n' 1.4977; and d4 .5450. The amount of hydro-
lyzable chlorine found was 39.04 %. C2 H40PC01 3  The cal- 1
culated amount Of hydrolyzable chlorinewas 39.1 .6,

b) Hydrogen chloride is passed-for six hours through
:135 g of pure DEKhK at 150-,600. The yellow lii ;udbtaired,
with an acid number of 766 is treated with 209.k.'.ofPCI
as in the preceding experiment.. 7 (82* of.thetheore4

itical) of the dichloroanhydride o0 f -chl oroethylphosphoni4

:.&c~wa obtine~__ _____



Chioroanhydride of 0-chloroethylphosphonic acid
from 0-chloroeth lphosphonic sacid, PC13 and
chlorine3

To a mixture'of 72,g of~ technical ý-chloroethy'l-
-jPhosphonic acid and. 69 g o1'.phosphorus trichloride a streitm
;of dry chlorine was passod. along with stiir*ring and externol
ii1cooling, 'Main~aining the, temperature 'of the reaction miX-1i
iture at 45-55 - The excess-of chlo-rine was displaced by
;carbon dioxide-and the reaction mnixture was distilled as
4ýescribedl above. .61 S (67 % qf the theoremticsal) uf -the
1chloroanhydride of ý-chlo~r~oethylpbo-sphonic acid waRs pro-
iduced.

Cbloroathyd icie of ý-cbloroethylphospoi Acd

-from -chioroethyiphosphonic adid and thionyl

To' a mixture of 55 9 of technical ~-chloro-ethyl-
,phosphonic acid and 1 C of pyridine there was gradually
iadded with vigorous agitation 100.g of'thionyl chloridpeý
1the reaction mixture temperature was kept at 40-450; to
'Complete the reactio~n the- mixture was heat-ed at 70-750 fok
:one hour, -and then the vola4tile f raction was' distilled and:
'the residue was then. vacuum-distilled %,1~(3. of
ithe theoretical) of the chiloroanhyd~rid6 of P-cb oro ethyl-

phophoicacid. was obtained, Thiere remnained in the dis-,
ýtillation flask a la'rge amount of resinous residue, whichi
'decomposes upon further heating'.

Chloroanhyaride o1f -chloroethyl~phosphonic acid.
from )YEKhI{ and. PCI5

To a mixture heated-to 140-150- containirg 68'g of;
pure DEKhff and 0.9 g :of-water-free iron 'chlorid~e there
:was gradually added, with vigorous stirring, 110 k of PCl1
'Thereupohi, the dichloroethane and phosphorus oxychioride
,'formed were distilled off. Then the reac~tion prod~uct wasi
,vacuum-distilled.0

The fraction with, a: boil in-pot rag of -Q95
ý(2. mm) was distilled once again and yielded 36.4 g (80 %
:of the theoretical) of chloroanhygride of ý-bhloro'ethiyl-
pýhosphonic acid, boiling aOt' 80--82 (4 mm-),. When. technical4
ýDRKh (Under the same conditions) was used, ,65 % of ther
chioroanhydride was produced..

When copper chloride was used as-the catalyst (witb(
Itechnical D:EKhK) the yield of the product. desired stoo~d ai



"50-55 %, and when the reaction was carried out without a

catalyst the yield was 25-30 % of the theoretical.

Conclusions

A preparative method has been developed for obtain-
ing the chlo0aic h3dridre, of .-chleroetnylphosphonic acid
without the use of pressure aiA with yields of atproximately
65-70 % of the theoretical when the technical trade of the
di-ýtl'-chloroethyl ester of -chloroethylphosphonic acid
wasused, and with yields of approximately 80 % when the
pure grade ývas employed.
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